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(S7)Abstract 

PURPOSE: To provide a computer which can 
execute the instruction set emulation without j 
causing the down of the machine cycle that performs | 
a basic instruction set | 
CONSTITUTION: A computer is provided with a \ 
mode setting part 1 2 which has a basic instruction 
set and plural different instruction sets and sets an 
emulation mode and an instruction converting circuit 
8 which converts the different instruction sets into a 
basic instruction set Thus the computer executes 
the emulation by converting plural different 
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instaiction sets into a basic instruction set 
Furthermore a clock generating circuit 31 is added to 
the computer to generate the clocks by changing the 
clock number of an execution stage based on the 
output of the part 12 and a conversion register 30 
which holds the output of the circuit 8. In such 
constitution, the conversion of instruction are 

carried out at each independent stage in an instruction set emulation state. 
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(Scope of Claim for Patent] 

(Claim 1) In a computer having an instruction conversion 
circuit (3) having one basic instruction set and a plurality 
of mutually different instruction sets converting an 
5 instruction set different from a mode setting portion (12) 
setting an emulation mode into a basic instruction set, a 
plurality of mutually different instruction sets are converted 
into the basic instruction set for executing emulation, 
characterized in that 

10 a clock generation circuit (31) generating clock with 

modifying clock number for execution stage by output of the 
mode setting portion (12) and convert register (30) holding 
the output of the instruction converting circuit (3) are provided 
for performing said instruction conversion in an independent 

15 execution stage upon instruction set emulation. 
(Detailed Description of the Invention] 
(0001] 

(Field of Industrial Application] The present invention 
relates to a computer for executing an instruction set emulation . 

20 Associating with demand for speeding up of the computer system 
in the recent years, simplification of instruction format is 
required- Modification of the instruction format requires 
modification of the software. However, newly developing 
software requires huge preparation manpower and is not 

25 reasonable method for nowadays where lacking of software 
engineers is a hot topic. 

(0002] Accordingly, for developing new computer, it has been 
required to simplify and unify instruction format with 
maintaining compatibility of software. Here, for guarantee 

30 compatibility of software, it is required that the newly 
developed computer has capacity for executing a plurality of 
instruction set. The present invention provides instruction 
set emulation, means in the computer having a plurality of such 
instruction sets. 

35 [0003] 

(Prior Art] Fig. 3 is a constructional illustration of a 
conventional circuit for instruction set emulation. In this 
example, it is assumed that one instruction is executed through 



- 2 - 



four stages of fetching, decoding, executing and writing. On 
the other hand, this example has a construction for performing 
pipeline process, and shows that pipeline process requires 
emulation . 

5 (0004) In the drawing, 1 denotes a memory device which stores 
programs of the computer and data. 2 denotes an instruction 
buffer which holds instruction read out from the memory device 
1. 3 denotes an instruction conversion circuit which is a 
circuit for converting instruction other than the basic 
10 instruction set into any of the basic instruction sets. 4 
denotes a multiplexer which is a circuit selecting one of an 
output of the instruction buffer 2 and an output of the 
instruction conversion circuit 3 depending upon an output of 
a mode setting portion 12. 5 denotes an instruction register 
15 upon execution, which is an instruction register storing the 
output of the multiplexer to be executing in the execution stage . 
6 denotes instruction register for writing which is the 
instruction register to be used in the writing stage . 7 denotes 
a general register which is constructed with a plurality of 
20 register file elements. 

[00051 8r 9 denote decode registers which hold values of 
registers necessary for an ALU calculation read out from the 
general register. 10 denote an arithmetic circuit (ALU) which 
is a circuit performing arithmetic operation . 11 denotes a result 
25 register which is a register holding the result of arithmetic 
operation . 12 denotes a mode setting portion, which is a circuit 
representing a mode executing emulation which can be set and 
reset by the basic instruction. 15 denotes an instruction 
executing portion, which is a portion decoding instruction 
30 fetched from the memory device 1 for execution, which is a major 
part of the central processing unit (CPU) of the computer. 
(0006] In the shown example of the computer, upon turning on 
of a power source, a not shown initial clear circuit is operated 
to set the mode setting portion at the basic instruction mode. 
35 Subsequently, the operating system described in the basic 
instruction mode is read from a not shown external storage device 
to initiate operation. The instruction process is executed 
through the following sequence. 
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10007] A. In case of Basic Instruction Set 

In this case, for other than emulation mode, mode setting 
is not performed. 

Q The instruction is fetched from the memory device 1 to 
5 the instruction buffer 2. 

[0008] (D The value of the entry indicative of the source 
register number (number of the register storing the calculation 
object) in the instruction buffer 2 is taken out from the register 
file of the general register 7 to store in the decode registers 

10 8, 9- The general register 7 can access two entries 
simultaneously using a dual port RAM. At the same time, the 
content of the instruction buffer 2 is stored in the instruction 
register 5 for execution through the multiplexer 4. 
[0009] (S) Arithmetic operation according to the content of 

15 the instruction register 5 for execution is performed by the 
ALU 10 for the content stored in the decode registers 8, 9. 
At the same time, the content of the instruction register 5 
for execution is stored in the instruction register 6 for writing . 

(0010) ® A value of the result register 11 stores in the 
20 corresponding portion of the general register represented by 

a destination register number (number of register for storing 
the result of arithmetic operation) in the writing instruction 
register 6. 

(0011 ) Fig. 4 is a timing chart of the conventional instruction 
25 control emulation. A in the drawing represents the operation 

of instruction execution of the foregoing basic instruction 
set. As set forth above, execution of one instruction is 
completed through four stages. 

(0012) B. In case of Instruction Set Other Than Basic 

30 Instruction Set 

Upon execution of the instruction set other than the basis 
instruction set , in order to designate operation in the emulation 
mode, the mode setting portion 12 is set with one of the 
instruction sets. In this case, a task management function 

35 of the operating system knows execution of program of old 
architecture to load the program to the memory device 1 to 
transfer the control right to the program, and in conjunction 
therewith the mode setting portion 12 is set. 
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[0013] Instruction process of the emulation mode is performed 
in the following sequence. 

® Instruction is read out to the instruction buffer 2 from the 
memory device 1 . 

5 (D The content of the instruction buffer 2 converts the basic 
instruction set by the instruction conversion circuit 3 to take 
out data of the source register number indicative of output 
of the multiplexer 4 of the result from the register file of 
the general register 7. 

10 [0014] Discussion will be given for the content of conversion 
performed herein. For example, in order to save the memory 
region, the conventional instruction sets are one byte length 
instruction, two bytes length instruction and four bytes length 
instruction. For taking improvement of performance for 

15 spreading and lowering of price of IC memory as task/ when 
modification of the instruction sets for unifying the length 
of the instruction to four bytes, the modification is to modify 
the length of the displacement of the address from one byte 
to two bytes, for example. Then operation to add all 0 for 

20 upper one byte. 

[0015] The following execution stage is similar to the case 
of the basic instruction set. By performing control as set 
forth above, emulation of the instruction set other than the 
basis instruction set can be executed. On the other hand, when 

25 the emulation is terminated, the process is returned to the 
basic instruction set by resetting the mode setting portion 
as with the instruction added among a plurality of instruction 
sets . 

(0016] When emulation is executed in this method, conversion 
30 and decoding is executed in the decoding, stage, a period of 
one stage is required to extend the period required for 
conversion. 

(0017] Therefore, it encounters a drawback to extend the 
period for executing the basic instruction set. 
35 [0018] 

(Problem to be Solved by the Invention] In the prior art, 
conversion of the instruction set and decoding of the instruction 
after conversion are performed in the same stage, a problem 
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is encountered to be a factor for expending the operation period 
of the computer. 

[0019] In view of the problems, an object of the present 
invention is to provide means for executing instruction set 
5 emulation without causing down of the clock cycle- 
[0020] 

[Means for Solving the Task] The foregoing problem is solved 
by the computer for executing emulation of the instruction set 
constructed set forth below. 

10 [0021] Fig. 1 is a constructional illustration of the .present 
invention. .The invention is constructed that, -in a computer 
having an instruction conversion circuit having one basic 
instruction set and a plurality of mutually different 
instruction sets converting an instruction set different from 

15 a mode setting portion setting an emulation mode into a basic 
instruction set, a plurality of mutually different instruction 
sets are converted into the basic instruction set for executing 
emulation, a clock generation circuit generating clock with 
modifying clock number for execution stage by output of the 

20 mode setting portion and convert register holding the output 
of the instruction converting circuit are provided for 
performing said instruction conversion in an independent 
execution stage upon instruction set emulation. 
[0022] 

25 [Operation] The clock generation circuit 31generates theclock 
with modifying the clock number of the execution state by the 
output of the mode setting portion 12. Upon execution of 
emulation , one extra clock is generated for the conversion stage . 
[0023] The convert register 30 holds the result of conversion 

30 stage by holding the output of the instruction conversion circuit 
3. Therefore, the clock generation circuit 31 generates the 
conversion stage by generating the one extra clock by the output 
of the mode setting portion 12 to make the result of conversion 
stage to be held in the convert register 30. 

35 [0024] Accordingly, the conversion stage can be provided 
independently to make it unnecessary to expend the period of 
the stage to lower the execution period of the basic instruction . 
[0025] 
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(Embodiment 1 Fig. 1 is a constructional illustration of the 
circuit for instruction set emulation of an embodiment of the 
present invention. in the shown embodiment, number of pipeline 
stages are different between the basic instruction set and the 
5 instruction set other than the basic instruction set. The 
former is four stages of fetching, decoding, executing and 
writing, and the latter is five stages of fetching, converting, 
executing and writing. 

[0026] In the drawings. 30 denotes a convert register, which 
10 is a register for holding instruction of the basic instruction 
after conversion of the instruction as object for emulation 
into the instruction of the basis instruction set. 31 denotes 
a clear generation circuit, which is a circuit for generating 
one extra clock for the conversion stage by modifying clock 
15 number of the execution stage upon execution of emulation by 
outputof the mode designating portion 12. Rest, the components 
of the same reference numerals as those in Fig. 3 are the same 
components . 

(0027 ) Operation of the circuit of the embodiment of the present 
20 invention will be discussed. From on-set of the power source 
to initiation of operation is the same as those of the prior 
art. 

A. In Case of the Basic Instruction Set 

In case of the basic instruction set, a period of one 
25 stage is unnecessary to extend the clock cycle since conversion 
is not performed in the decode stage. 

(0028] ® The instruction is fetched from the memory device 1 
to the instruction buffer 2. 

(D The value of the general register 7 indicated by the source 
30 register number in the instruction buffer 2 is taken out from 
the register file to store in the decode register 8, 9. At 
the same time, the content of the instruction buffer 2 is stored 
in the execution instruction register 5 via the multiplexer 
4. 

35 (00291 (D Arithmetic operation according to the content of the 
execution instruction register 5 by the ALU 10 to store the 
result in the result register 11. At the same time, the content 
of the execution instruction register 5 is stored in the writing 
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instruction register 6. 

[00301 ® The value of the result register 11 is stored in the 
corresponding entry of the general register 7 represented by 
the destination register in the writing instruction register 
5 6, By operating as set forth above, the basis instruction set 
can be executed without extending the period for one stage which 
has been extended for conversion in the conventional device. 
( 0031 ] Fig • 2 is a timing chart of the instruction set emulation 
of the embodiment of the present invention. A in the drawing 

10 represents that the basic instruction set is completed through 
four stages, of fetching, decoding, executing and writing. 
[0032] B. In Case of Instruction Set Other Than Basic 
Instruction Set 

Switching operation of the emulation mode is omitted for 

15 the same as the operation of the prior art. 

[0033] ® Instruction is fetched from the memory device 1 to 
the instruction buffer 2. 

(D The value of the instruction buffer 2 is converted into the 
basis instruction set by the instruction conversion circuit 
20 3 to store the result of conversion in the convert register 
30- 

[0034 J d) The value of the general register indicative of the 
source register number in the convert register is taken out 
from the register file to store in the decode registers 8, 9/ 
25 At the same time, the content of the convert register 30 is 
stored in the execution instruction register 5 via the 
multiplexer 4. 

[0035] Subsequent operation is the same as that of the prior 
art and . thus is omitted. B of Fig. .2 represents that the 
30 instruction execution of other than the basis instruction set 
is completed through five stages of fetching, converting, 
decoding,, executing and writing. 
[0036] 

[Effect of the Invention] According to the present invention. 
35 by executing the conversion of the instruction set in the 
independent stage and the conversion stage is omitted upon 
execution of the basic instruction set, the computer executing 
emulation of the instruction set without lowering performance 
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of the basic instruction set can be provided. 
(Brief Description of the Drawings] 

(Fig. 11 is a constructional illustration of a circuit for 
instruction set emulation of an embodiment of the present 
5 invention; 

(Fig. 2] is a timing chart of instruction set emulation of an 
embodiment of the present invention; 

[Fig. 3) is a constructional illustration of the conventional 
instruction set emulation; and 
10 (Fig. 4) is a timing chart of the conventional instruction set 
emulation. . 

(Explanation of Reference Numerals] 

1 memory device 

2 instruction buffer 

15 3 instruction conversion circuit 

4 multiplexer 

5 execution instruction register 

6 writing instruction register 

7 general register 
20 8,9 decoder 

10 ALU 

11 result register 

12 mode setting portion 

15 instruction executing portion 
25 30 convert register 

31 clock generating circuit 

DRAWINGS 

FIG. 1 ... 

30 1 MEMORY DEVICE 

12 MODE SETTING PORTION 

31 CLOCK GENERATING CIRCUIT 

2 INSTRUCTION BUFFER 

3 INSTRUCTION CONVERSION CIRCUIT 
35 30 CONVERT REGISTER 

4 MULTIPLEXER 

5 EXECUTION INSTRUCTION REGISTER 

6 WRITING INSTRUCTION REGISTER 
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7 GENERAL REGISTER 

8 DECODE REGISTER 

9 DECODE REGISTER 
11 RESULT REGISTER 

5 

FIG. 2 

TIMING CHART OF INSTRUCTION SET EMULATION OF EMBODIMENT OF THE 
INVENTION 

A. INSTRUCTION EXECUTION OF BASIC INSTRUCTION SET 
10 'fetch ^DECODE "^EXECUTE WRITE 

B. INSTRUCTION EXECUTION OTHER THAN BASIC INSTRUCTION SET 
* FETCH CONVERT ^ DECODE ^ EXECUTE ^ WRITE 



FIG. 3 

15 1 MEMORY DEVICE 

12 MODE SETTING PORTION 

2 INSTRUCTION BUFFER 

3 INSTRUCTION CONVERSION CIRCUIT 



20 4 MULTIPLEXER 

5 EXECUTION INSTRUCTION REGISTER 

6 WRITING INSTRUCTION REGISTER 

7 GENERAL REGISTER 

8 DECODE REGISTER 
25 9 DECODE REGISTER 

11 RESULT REGISTER 



FIG. 4 

TIMING CHART OF INSTRUCTION SET EMULATION OF PRIOR ART 
30 A. INSTRUCTION EXECUTION OF BASIC INSTRUCTION SET 
* FETCH ^DECODE /^EXECUTE ^ WRITE 

B. INSTRUCTION EXECUTION OTHER THAN BASIC INSTRUCTION SET 
I FETCH i CONVERT/ DECODE ^ EXECUTE 4 WRITE 
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